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Introduction: Several clinical studies have demonstrated the benefits of sur- E-mail: srrs_cxj@163.com

gery for patients with hepatocellular carcinoma (HCC). The goal of our study
was to identify prognostic factors associated with overall survival (0S) and
recurrence-free survival (RFS) in patients with HCC and develop nomograms
to predict these factors.

Material and methods: We retrospectively conducted follow-up evaluations
of 176 patients with HCC up to 10 years after their tumors were removed. All
of these patients were from a single hospital, and all of the enrolled patients
were divided into two groups: those who survived less than 3 years and
those who survived more than 3 years. Independent prognostic factors asso-
ciated with OS and RFS were determined via univariate and multivariate Cox
regression model analyses. Two prognostic nomogram models were built on
the basis of the data and evaluated via the concordance index (C-index). The
calibration curves indicated that the two nomograms performed well over
a 5-year period. Additionally, the area under the receiver operating charac-
teristic (ROC) curve and the time-dependent area under the ROC curve (AUC)
were determined, and decision curve analyses (DCAs) were conducted.
Results: The nomograms successfully discriminated patients with HCC. Prog-
nostic factors for OS and RFS were identified, and nomograms were success-
fully built. The calibration discrimination was good for both the OS and RFS
nomogram prediction models (C-indexes: 0.815 and 0.80, respectively). Our
nomograms and calibration curves demonstrated favorable results with strong
predictive accuracy and ROC curves, and according to the DCA, our nomogram
results showed a greater net clinical benefit. The Kaplan-Meier plots for OS and
RFS were generated via the log-rank test, the p-value of which was < 0.001.
Ultimately, the nomograms successfully discriminated patients with HCC.
Conclusions: We established nomogram survival prediction models to pre-
dict the prognosis of HCC after invasive treatment and achieved an accept-
able level of accuracy in both OS and RFS analyses. These models may be
valuable for guiding the selection of clinical treatment strategies and may
also facilitate clinical decision making.

Key words: hepatocellular carcinoma, nomogram, prognosis, overall
survival, recurrence-free survival, long-term survival.

Introduction

Hepatocellular carcinoma (HCC) is the most common form of liver
cancer, accounting for approximately 90% of these cases [1]. Liver cancer
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is the sixth most commonly diagnosed cancer and
ranks as the third leading cause of cancer-relat-
ed death worldwide. Furthermore, its incidence
rates have been increasing rapidly. Approximately
700,000 patients are diagnosed globally each year
[2, 3]. Hepatectomy, the most promising treatment
for patients, is accepted as the gold standard ther-
apeutic option for patients with small HCC nod-
ules. However, most patients who are diagnosed
at an advanced stage miss the opportunity for
surgical resection [4].

Despite high recurrence rates, some studies
have reported recurrence rates as high as 60-80%
within 5 years of resection; the overall survival rate
is approximately 40-60%, and the disease-free
survival rate is between 20% and 60% after
5 years [5-8]. Therefore, HCC recurrence can ad-
versely impact long-term survival outcomes as well
as patient quality of life [9]. The highest mortality
rates and incidences of HCC have been observed in
Southeast Asia and Northwest Africa [10].

Several prognostic schemes, such as the Ameri-
can Joint Committee on Cancer (AJCC TNM), Barce-
lona Clinic Liver Criteria (BCLC), Japan Integrated
Staging Score (JIS score), and Cancer of the Liver
ltalian Program (CLIP), have been developed to
identify prognostic factors [11-13].

Recently, studies have attempted to predict
outcomes utilizing the primary characteristics of
the disease [14, 15]. Many factors associated with
HCC recurrence, such as tumor stage, large tumor
size, portal vein tumor thrombus, hepatitis B sur-
face antigen (HBsAg), hepatitis B virus-DNA (HBV-
DNA) and a-fetoprotein (AFP) levels, have been
identified [7, 16, 17]. Additionally, most of those
studies have focused on identifying factors asso-
ciated with an increased risk of tumor recurrence
rather than entering the risk factors into multi-
predictor models that consider their joint effects.

Furthermore, it is important to identify prog-
nostic factors associated with survival prior to
treatment. However, only a few studies have inte-
grated these factors into a nomogram to predict
patient prognosis [18, 19]. In this study, we aimed
to identify prognostic factors to develop a predic-
tion model and identify clinicopathological vari-
ables that are associated with long-term survival.
Thus, a nomogram model that can estimate in-
dividualized long-term overall survival following
treatment is needed.

Material and methods
Study population and patients

The selection procedure and study design are
shown in Figure 1. We retrospectively analyzed
180 consecutive patients who had clinicopatho-
logical characteristics consistent with having HCC
at our hospital between January 2010 and Decem-

ber 2021. Among the 180 patients, 1 (0.5%) died
before surgery, and 3 (1.6%) patients were lost to
follow-up. The inclusion criteria were as follows:
(1) patients older than 30 confirmed with HCC,
(2) no history of other diseases, and (3) no previous
treatment for HCC before surgery. These patients
were grouped into 2 different cohorts: a short-
term survivor group, which included patients who
survived for less than 3 years after surgical resec-
tion, and a long-term survivor group, which includ-
ed patients who survived longer than 3 years after
resection. The type of operation was determined
by a multidisciplinary team (MDT), and all the sur-
geons had extensive liver surgery experience.

Clinicopathologic variables

Baselines for standard demographics, preoper-
ative data, operative and pathological character-
istics, and postoperative data were retrospective-
ly reviewed. The demographic data included age,
sex (male or female), follow-up, disease recur-
rence, tumor stage, lymph node metastasis, tu-
mor size, and histopathological grading, and were
categorized on the basis of the eighth edition of

180 HCC patients who underwent liver surgery
between January 2010 to December 2021

Y

Died before surgery
(n=1)

Lost to follow-up
(n=3)

A

Total patients analyzed (n = 176)

Short-term, survival
< 3 years, survivors
(n=48)

Long-term, survival
> 3 years, survivors
(n=128)

Figure 1. Patient selection flow diagram. Inclusion
and exclusion criteria for evaluating prognostic fac-
tors after surgery in patients with HCC. We focused
on two subsets., i.e., individuals who survived
3 years or less (short-term survivors) and those
who survived 3 years or more (long-term survi-
vors). Four patients were excluded. Results: For-
ty-eight short-term patients and 128 long-term
patients were enrolled in this clinical study
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the American Joint Committee on Cancer (AJCC)
TNM guidelines. The tumor (T) stage, lymph node
(N) status, TNM status, and overall survival were
retrieved from the patients’ hospital records. The
following characteristics were included: hepatitis
B virus (HBsAb, HBeAg), hepatitis C virus (HCV),
AFP CEA, CA19-9, CA-125, and ferritin on the
basis of their previously suggested associations
with HCC recurrence. The pathological data in-
cluded tumor size, tumor number, cirrhosis sta-
tus, tumor stage (I, Il, Il and IV), macrovascular in-
vasion (present or absent), and resection margin
status (negative or positive). Recurrences were
also documented.

Follow-up

We examined the patients every 3 to 6 months
for the first 2 years after hospital discharge and
every 6 months thereafter. The follow-up evalua-
tion included a physical examination, chest radi-
ography, and blood examination, which included
analyses of tumor markers (abdominal ultrasound,
multiphasic CT or MRI, liver function tests, AFP
measurements, and CA-125 measurements).

Recurrence was diagnosed on the basis of
physical examinations, diagnostic imaging results,
and tumor markers. The date of recurrence was
defined as the time interval between the date of
primary liver resection and the date that evidence
of recurrence was confirmed by a physician.

Statistical analysis

The primary endpoint was overall survival (0S),
which was calculated from the date of resection
to the date of death or the last follow-up investi-
gation and analyzed via the Kaplan-Meier method.

Recurrence-free survival (RFS) was calculated
from the date of resection to the date of disease
progression, last follow-up investigation, or death.

Kaplan-Meier survival curves were used to as-
sess OS and RFS. These data are reported here-
in as medians with 95% confidence intervals
(95% Cls). Differences were considered statistical-
ly significant if the p-value was lower than 0.05
according to the log-rank test.

To identify the prognostic factors related to OS
and RFS, multivariate analysis was performed via
the Cox regression hazard model for statistically
significant variables in the univariate analysis and
to identify the associations between potentially
important clinical factors and long-term survival
after HCC resection.

After the importance of all independent vari-
ables was evaluated through the univariate Cox
regression hazard model, significant variables
(p < 0.05) were extracted and included in the mul-
tivariate Cox regression hazard models for further
analysis. The data are presented with hazard ra-
tios (HRs) and 95% confidence intervals (Cls). Mul-
tivariate Cox regression analysis was employed to
identify the final risk factors (p < 0.05) for estab-
lishing a nomogram to predict the risk of HCC.

Prognostic factors identified in the multivari-
ate Cox regression analysis were used to establish
a nomogram to predict OS and RFS between 1 and
5 years after surgery. To evaluate the predictive per-
formance of the nomogram, Cox regression analysis
was performed with the R package version 4.3.3
to calculate the C-index and develop calibration
curves. Random OS and RFS forest plots were gen-
erated to identify the importance of the variables.

All the data were analyzed via SPSS 27.0 and R
package version 4.3.3 (R Foundation for Statistical
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Figure 2. Kaplan-Meier curve showing the overall Figure 3. Kaplan-Meier curve showing the recur-
survival (OS) rate of the entire cohort of patients rence-free survival (RFS) rate of the entire cohort of
in the study patients included in the study
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Computing, Vienna, Austria). Two-sided p-values
were considered statistically significant if p < 0.05.

Results

Baseline characteristics of the patient cohort

After applying the eligibility criteria, the final
study population consisted of 176 patients. Details

Table I. Baseline patient characteristics and outcomes

of the flow diagram are presented in Figure 1. The
median overall survival was 43 months (range:
4-82 months), and the median recurrence-free
survival was 39 months (range: 2-75 months).
The median follow-up was 66 months for patients
who survived at the end of the study. Kaplan-Mei-
er analysis revealed that the 1-, 3-, 5-, and 10-year
overall survival rates were 98.9%, 77.1%, 55.9%,

Variables Short-term survival Long-term survival P-value
< 3 years > 3 years
n =48 n=128
Age [years] 71.011.6 64.3+11.9 0.002*
Gender, n (%) 0.381
Male 43 (89.6) 108 (84.4)
Female 5(10.4) 20 (15.6)
BMI [kg/m?] 22.4 £3.0 23.8 £3.2 0.016*
Alcohol, n (%) 0.613
No 28 (58.3) 80 (62.5)
Yes 20 (41.7) 48 (37.5)
Smoking, n (%) 0.042*
No 21 (43.8) 78 (60.9)
Yes 27 (56.2) 50 (39.1)
Liver cirrhosis, n (%) 0.651
No 14 (29.2) 33 (25.8)
Yes 34 (70.8 95 (74.2)
Hypertension, n (%) 0.945
No 35(72.9) 94 (73.4)
Yes 13 (27.1) 34 (26.6)
Diabetes, n (%) 42 (87.5) 117 (91.4) 0.437
No 6 (12.5) 11 (8.6)
Yes
HBV-PreS2Ag, n (%) 0.074
Negative 16 (33.3 62 (48.4)
Positive 32 (66.7 66 (51.6)
HBc-IgM, n (%) 0.987
Negative 46 (95.8) 128 (100)
Positive 2 (4.2) 0 (0)
HBc-1gG, n (%) 0.728
Negative 2 (4.2) 7 (5.5)
Positive 46 (95.8) 121 (94.5)
HBeAg, n (%) 0.66
Negative 36 (75.0 100 (78.1)
Positive 12 (25.0 28 (21.9)
HBsAb, n (%) 0.285
Negative 8 (16.7) 31 (24.2)
Positive 40 (83.3) 97 (75.8)
HCV, n (%) 0.253
Negative 48 (100) 126 (98.4)
Positive 0 (0) 2 (1.6)
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Table I. Cont.
Variables Short-term survival Long-term survival P-value
< 3 years > 3 years
n =48 n=128
Tumor stage, n (%) < 0.001*
I 16 (33.3) 89 (69.5)
Il 15 (31.2) 27 (21.1)
Il 3(6.2) 6 (4.7)
\Y 14 (29.2) 6 (4.7)
Albumin [g/1] 373 6.4 41.2 6.8 0.001*
Total bilirubin [umol/l] 22.4 +£33.2 19.9 +21.9 0.573
Direct bilirubin [pmol/] 13.4+12.6 13.0 8.2 0.806
CA19-9 [U/ml] 71.9 £184.2 26.8 £37.8 0.07
CA-125 [U/ml] 32.6 +66.2 15.2 £15.5 0.026*
AFP [ng/ml] 65.11 (7.50-905.90) 20.75 (4.85-267.67) 0.090
CEA [ng/ml] 3.3 1.8 2.8 £1.7 0.086
Ferritin [ng/ml] 380.6 +342.4 328.2 £264.9 0.287
0S [months] 13.0 (4.0-20.3) 72.0 (60.0-82.0) < 0.001*
0S [months] 6.0 (2.0-11.5) 59.5 (33.8-74.5) <0.001*
Table Il. Histopathological findings and resection outcomes
Variables Short-term survival Medium-term survival P-value
< 3 years > 3 years
n =48 n=128
Tumor size [cm] 0.001
<5.0 23 (47.9) 99 (77.3)
5.1-9.9 17 (35.5) 23 (18.0)
>10.0 8 (16.6) 6 (4.7)
Tumor number 1.6 0.5 1.1 +0.3 < 0.001
Recurrence, n (%)
No 17 (35.4) 86 (67.2) < 0.001
Yes 31 (64.6) 42 (32.8)
Hospital stay [days] 19.0 (13.3-24.8) 14.0 (10.0-20.0) 0.005
MVI grade, n (%) 0.992
No 45 (93.8) 127 (99.2)
Yes 3 (6.3) 1(0.8)
Resection margin, n (%) 0.813
Negative 47 (97.9) 126 (98.4)
Positive 1(2.1) 2 (1.6)
Type of resection, n (%) 0.715
Bilobar 2 (4.2) 7 (5.5)
Left 14 (29.2) 33 (25.8)
Right 32 (66.7) 88 (68.8)
Lymph node metastasis, n (%) 0.321
No 46 (95.8) 126 (98.4)
Yes 2 (4.2) 2 (1.6)
Metastasis, n (%) 0.067
No 45 (93.8) 127 (99.2)
Yes 3(6.2) 1(0.8)
Vascular tumors of the liver (VTL)
Portal vein thrombus, n (%) 17 (35.4) 12 (9.4) < 0.001
Other cancer embolism, n (%) 8 (16.7) 14 (10.9) 0.063
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and 43.1%, respectively (Figure 2). Furthermore,
the 1-, 3-, 5-, and 10-year RFS rates were 82.9%,
41.0%, 23.3%, and 18.5%, respectively (Figure 3).
After the exclusion of 4 patients who either died
before the operation or were lost to follow-up,
176 patients were included in the comparative
analyses. Among these 176 patients, 48 (27.3%)
patients survived < 3 years and were sorted into
the short-term survival group. The remaining 128
(72.7%) patients survived for > 3 years and were
designated as the long-term survival group. The
baseline patient characteristics are displayed in
Table I.

Regarding patient characteristics, the majority
of variables were not significantly different be-
tween the two groups. However, there were sig-
nificant differences in age (p = 0.002), BMI (p =
0.016), smoking status (p = 0.042), tumor stage
(p < 0.001), serum albumin levels (p = 0.001), and
CA-125 concentrations (p = 0.026).

Both OS and RFS were significantly different
(p < 0.001). The histopathological findings and

resection margins were also compared between
patients in the two groups (Table II). The short- to
long-term survival group had significantly great-
er values for the following variables: tumor size
(p < 0.001), tumor number (p < 0.001), recurrence
(p < 0.001), hospital stay (p = 0.005), and pres-
ence of portal vein thrombus (p < 0.001).

Univariate and multivariate analysis of
survival outcomes and predictive factors

Since long-term survival is rather poor in pa-
tients with HCC, one goal of this investigation was
to determine the impact of various variables on
long-term OS. A logistic regression analysis with
iterative backward and forward testing was em-
ployed with the following variables as the input:
age at the time of the operation, sex, underly-
ing liver disease risk factors (such as smoking
and alcohol use), and preoperative and postop-
erative outcomes. Several factors were identi-
fied as being significantly different between the

Table Ill. Univariate and multivariate Cox regression analyses of predictive factors for overall survival (OS)

Parameter Univariate analysis P-value Multivariate analysis P-value

Age [years] <60y,>60y 1.059 (1.037-1.083) < 0.001* 1.043 (1.018-1.069) < 0.001*

Gender Male vs. Female 0.511 (0.221-1.180) 0.116

BMI <24.0,>24.0 0.917 (0.852-0.987) 0.022* 0.884 (0.807-0.969) 0.009*

Smoking Absent vs. Present 0.633 (0.397-1.010) 0.055

Alcohol Absent vs. Present 0.9 (0.498-1.272) 0.340

HBV Absent vs. Present 0.883 (0.499-1.562) 0.669

HCV Absent vs. Present  4.534 (0.052-392.0368) 0.507

HBc-IgM Absent vs. Present 0.238 (0.112-0.504) < 0.001* 0.139 (0.054-0.356) < 0.001*

Hypertension Absent vs. Present 0.634 (0.389-1.036) 0.069

Diabetes Absent vs. Present 0.960 (0.440-2.095) 0.917

Liver cirrhosis Absent vs. Present 1.078 (0.836-1.392) 0.562

Albumin <40, > 40 0.931 (0.892-0.972) 0.001* 0.946 (0.900-0.995) 0.032*

AFP [ng/ml] <250, > 250 1(1-1) 0.059

CA19-9 <25,>25 1.003 (1.002-1.005) < 0.001* 0.996 (0.993-1) 0.061

CA-125 <25,>25 1.005 (1.001-1.008) 0.011* 1.001 (0.996-1.005) 0.813

Tumor size [cm] <50cm,>5.0cm 1.238 (1.172-1.308) < 0.001* 1.027 (1.106-1.318) < 0.001*

Tumors number  Absent vs. Present 4.294 (2.750-6.705) < 0.001* 2.027 (1.018-4.396) 0.024*

Tumor stage [, 10, 11, 1V 2.76 (0.273-2.132) < 0.001* 0.562 (0.323-0.977) 0.041*

Resection margin  Negative/positive 0.785 (0.388-1.591) 0.502

Recurrence Absent vs. Present 0.600 (0..472-0.762) < 0.001* 1.107 (0.746-1.643) 0.612

MVI 0.002* < 0.001*
MO 1.307 (0.181-9.429) 0.083 (0.009-0.797) 0.031*
M1/M3 17.107 (2.189-133.6) 5.577 (0.272-114.547) 0.265

Lymph node Absent vs. Present 0.701 (0.346-1.417) 0.322

metastasis

Metastasis Absent vs. Present 0.510 (0.285-0.912) 0.023* 0.398 (0.168-0.941) 0.036*

Portal vein Absent vs. Present 0.38 (0.381-1.156) 0.703 1.63 (0.455- 0.475) 0.1030

thrombus
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< 3-year survivors and the > 3-year survivors in
the univariate analysis of overall survival via Cox
regression model analysis. These factors includ-
ed: age: HR: 1.059, 95.0% confidence interval
Cl: 1.037-1.083 (p < 0.001), BMI: HR = 0.917,
95.0% Cl: 0.852-0.987 (p = 0.022), HBc-IlgM: HR =
0.238,95.0% Cl: 0.112-0.504 (p < 0.001), albumin:
HR=0.931,95.0% Cl: 0.892-0.972 (p = 0.001), AFP:
HR = 1.0, 95.0% Cl: 1.0-1.0 (p = 0.059), CA19-9:
HR = 1.003, 95.0% Cl: 1.002-1.005 (p < 0.001),
CA-125: HR = 1.005, 95.0% Cl: 1.001-1.008 (p =
0.01), tumor size: HR = 1.238, 95.0% Cl: 1.172-
1.308 (p < 0.001), multiple tumors: HR = 4.294,
95.0% Cl: 2.750-6.705 (p < 0.001), tumor stage:
HR = 2.76, 95.0% Cl: 0.273-2.132 (p < 0.001),
recurrence: HR = 0.600, 95.0% Cl: 0.472-0.762
(p < 0.001) MVI (M1/M2/M3): HR = 17.107,
95.0% Cl: 2.189-133.6 (p = 0.002), and metasta-
sis: HR =0.510, 95.0% Cl: 0.285-0.912 (p = 0.023).

On the other hand, the multivariate OS analysis
factors were as follows: age: HR = 1.043, 95.0% Cl:
1.018-1.069 (p < 0.001), BMI: HR = 0.884,
95.0% Cl: 0.807-0.969 (p = 0.009), HBc-IlgM: HR =
0.139, 95.0% Cl: 0.054-0.356 (p < 0.001), albumin:
HR = 0.946, 95.0% Cl: 0.900-0.995 (p = 0.032),
tumor size: HR = 1.027, 95.0% Cl: 1.106-1.318

(p < 0.001), multiple tumors: HR = 2.027, 95.0% Cl:
1.018-4.396 (p = 0.024), tumor stage: HR = 0.562,
95.0% Cl: 0.323-0.977 (p = 0.041), MVI (MO):
0.083, 95.0% Cl: 0.009-0.797 (p = 0.031), me-
tastasis: HR = 0.398, 95.0% Cl: 0.168-0.941 (p =
0.036).

According to the results of this analysis, which
are summarized in Table Ill, these factors can pre-
dict survival outcomes after resection.

Univariate and multivariate analysis
of predictors of recurrence-free survival
after resection

The univariate Cox regression analysis model
for RFS revealed that the following factors were
significantly associated with lower RFS: age, sex,
tumor number, tumor size, tumor stage, and the
presence of portal vein thrombus. Table IV shows
the following predictive factors: age: HR = 1.056,
95% confidence interval (Cl): 1.035-1.078 (p <
0.001); smoking: HR = 0.780, 95% Cl: 0.620-
0.982 (p = 0.035); HBc-IgM: HR = 0.310, 95% ClI:
0.111-0.866 (p = 0.025); AFP: HR = 1.0, 95% Cl:
1.0-1.0 (p = 0.019); CA-125: HR = 1.006, 95% Cl:
1.002-1.009 (p = 0.005); tumor size: HR = 1.206,

Table IV. Univariable and multivariate Cox regression results Prognostic factors were associated with recur-
rence-free survival (RFS)

Parameter Univariate analysis P-value Multivariate analysis P-value
Age [years] <60y,>60y 1.056 (1.035-1.078) < 0.001*  0.995 (0.971-1.020) 0.707
Gender Male vs. Female 0.724 (0.490-1.068) 0.104

BMI <24.0, > 24.0 0.992 (0.924-11065) 0.827

Smoking Absent vs. Present  0.780 (0.620-0.982) 0.035* 1.017 (0.788-1.313) 0.895
Alcohol Absent vs. Present  0.958 (0.758-1.211) 0.721

HBV Absent vs. Present  1.272 (0.911-1.776) 0.157

HCV Absent vs. Present  0.454 (0.074-276.83) 0.471

HBc-IgM Absent vs. Present  0.310 (0.111-0.866) 0.025* 0.170 (0.064-0.450) < 0.001*
Hypertension Absent vs. Present  0.942 (0.731-1.214) 0.644

Diabetes Absent vs. Present  1.005 (0.681-1.484) 0.980

Liver cirrhosis Absent vs. Present  0.991 (0.763-1.287) 0.943

Albumin <40.0 > 40.0 0.964 (0.926-1.003) 0.070

AFP [ng/ml] <25.05 25.0 1(1-1) 0.019*

CA19-9 <25.0> 250 1.002 (0.999-1.004) 0.309

CA-125 <25.0>25.0 1.006 (1.002-1.009) 0.005* 1.004 (0.999-1.009) 0.138
Tumor size [cm] <50cm,>50cm 1.206 (1.138-1.279) < 0.001* 1.007 (0.930-1.091) 0.859
Tumor number Absent vs. Present  5.883 (3.790-9.131) < 0.001* 1.172 (0.598-2.297) 0.644
Tumor stage I, 10, 11, 1V 0.216 (0.143-0.326) < 0.001* 0.774 (0.460-1.303) 0.335
Resection margin Negative/Positive 1.111 (0.414-2.983) 0.834 1.010 (0.553-1.846) 0.974
Recurrence Absent vs. Present  0.044 (0.013-0.149) < 0.001* 0.401 (0.282-0.571) < 0.001*
Lymph node Absent vs. Present  0.772 (0.382-1.560) 0.471

metastasis

Metastasis Absent vs. Present  0.577 (0.285-1.167) 0.126
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Table V. Assessment of the risk proportionality assumption by the Cox model of overall survival

Variables Univariate Cox model Multivariate Cox model

%2 P-value* x? P-value*
Age 23.5053 < 0.001 19.91799 < 0.001
BMI 0.1769 0.67401
Albumin 12.0677 0.00051 11.3691 0.00075
CA125 1.3878 0.23879
Tumor size 0.6817 0.40899 0.33671 0.56173
Tumor number 0.1014 0.75014 0.00139 0.97022
Smoking 0.0598 0.80683
Tumor stage 5.1826 0.1589
Recurrence 7.3856 0.00657
Portal vein thrombosis 1.0079 0.60413 0.88675 0.64187

*Significant if p < 0.05 based on Pearson’s y? test.

Table VI. Assessment of the risk proportionality assumption by the Cox model of recurrence-free survival

Variables Univariate Cox model Multivariate Cox model
%2 P-value* x? P-value*

Age 0.1923 0.661 4.485 0.034
Albumin 0.6972 0.404

Tumor size 2.4729 0.116 1.038 0.308
Tumor number 0.5198 0.471 0.323 0.570
Smoking 2.1657 0.141

HBV-PreS2Ag 5.5375 0.019

Portal vein thrombosis 2.7783 0.249 2.733 0.255
Tumor stage 0.0817 0.775 1.924 0.165
Recurrence 0.0131 0.909

*Significant if p < 0.05 based on Pearson’s y? test.

95% Cl: 1.138-1.279 (p < 0.001); tumor number:
HR = 5.883, 95% Cl: 3.790-9.131 (p < 0.001); and
tumor stage: HR = 0.216, 95% Cl: 0.143-0.326
(p < 0.001), recurrence: HR = 0.044, 95.0% Cl:
0.013-0.149 (p < 0.001). Moreover, the multivar-
iate Cox analysis revealed that only two factors
were significant: HBc-IgM (HR = 0.170, 95.0% Cl:
0.064-0.450 (p < 0.001)) and recurrence (HR =
0.401, 95.0% Cl: 0.282-0.571 (p < 0.001)).

Otherwise, on the basis of this rationale, the
variables were chosen for survival analysis. The
proportionality assumption for the Cox model was
tested via Pearson’s x? test, as shown in Table V,
and RFS, as shown in Table VI.

Survival after tumor recurrence

The timing of recurrence is shown in Figure 4.
The time interval between HCC resection and re-
currence ranged from 2 to 84 months (median
= 39 months). In 73 of 176 patients (41%) (p <
0.001), recurrence developed within 84 months
after resection. Figure 4 summarizes these results
in a bar graph that shows a small peak.

Nomogram predictive model

By using the five predictive variables men-
tioned above, a nomogram for predicting 1-, 2-,
3-, and 5-year overall survival outcomes was de-
veloped (Figure 5). In the random forest analysis,
initial resection treatment was the most import-
ant prognostic factor, followed by age, albumin
level, tumor size, tumor number, and vascular
tumors of the liver (VTL; portal vein thrombosis
and other cancer embolisms). The C-index of the
nomogram for overall survival was 0.815 (95% Cl:

84

N oW A Oy N
A O 0 O N

Time to recurrence
after surgery [months]

—
N

—

0 5 10 15 20 25 30
Patients with recurrence, n

Figure 4. Time to recurrence after resection
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Table VII. Performance of the C-index nomogram model for OS and RFS

Variable C-index 95% Cl P-value
Nomogram of OS 0.815 0.769-0.862 < 0.001
Nomogram of RFS 0.80 0.748-0.851 < 0.001

0S - overall survival, RFS — recurrence-free survival, Cl - confidence interval.

0.769-0862 (p < 0.001)) (Table VII). The internal
calibration curves for predicting the 1-, 2-, 3-, and
5-year overall survival probabilities showed favor-
able calibration for predicting survival rates and
correlated well with the actual survival rates at
1, 2, 3, and 5 years (Figure 6). Each variable was
scored between 0 and 100 points. The time-de-
pendent ROC curve nomograms that were used
to predict 1-, 2-, 3-, and 5-year OS indicated that
operation-related prognostic factors had major
impacts on patient prognosis. The 1-, 2-, 3-, and
5-year AUCs for OS were 0.786, 0.858, 0.872, and
0.868, respectively (Figure 7). Additionally, the de-
cision curve analysis (DCA) curves revealed that
the nomogram had high prediction efficiency for
0S in patients with HCC (Figures 8 A-D).

The prognostic nomogram for 1-, 2-, 3-, and
5-year RFS prediction in patients after resection
is shown in Figure 9. Five variables were selected
for the final predictive model: age, tumor stage,
tumor size, tumor number, and VTL (portal vein
thrombosis and other cancer embolisms). The
C-index of the nomogram for RFS prediction was
0.80 (95% Cl: 0.748-0.851 (p < 0.001)) (Table VII).
The calibration curves predicted the observed RFS

probabilities for 1-, 2-, 3-, and 5-year RFS (Figure
10). These outcomes suggest that the nomogram
has the potential to stratify HCC patients.

The RFS ROC curves for 1-, 2-, 3-, and 5-year
survival in the present study and the AUC values
for 1-, 2-, 3-, and 5-year survival were 0.840-,
0.869-, 0.888-, and 0.883, respectively (Figure 11).
Furthermore, DCA was performed, and the no-
mogram results revealed better net benefits with
a wider range of thresholds (Figures 12 A-D).

Independent prognostic factors for HCC

We performed multivariate Cox proportional re-
gression OS analysis for 24 potential factors and
identified six independent factors (Figure 13). The
variables included age, albumin level, tumor size,
tumor number, and portal vein thrombosis. Most
variables were highly significant (p = 0.05).

The multivariate Cox proportional regression
RFS analysis clearly identified six potential factors
in a forest plot (Figure 14). The variables included
age, tumor stage, tumor size, tumor number, and
portal vein thrombosis. Most of the factors were
significant (p = 0.05).
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Risk stratification for HCC with survival
outcomes

At-risk classification systems for OS and RFS
were developed according to the total scores of
each patient produced by the nomograms, and
the patients were divided into two groups. The re-
sults of the KM survival analysis with a log-rank
test revealed differences in OS and RFS between
the groups of patients with HCC (Figure 15). The
OS group had a better prognosis than the RFS
group did (p < 0.001).

Discussion

Over the past few decades, liver resection has
been the preferred method for treating HCC. Re-
cently, it has been recognized as the gold standard
treatment in the early and intermediate stages of
HCC [20, 21]. Tumor recurrence is one of the most
significant poor prognostic factors for patients
with HCC [22].

Sensitivity
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Figure 7. Overall survival ROC curves of the nomo-
grams for 1-, 2-, 3-, and 5-year OS
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In our investigation, we identified 176 patients
as candidates who underwent liver resection for
HCC. We investigated pre- and postoperative pre-
dictive factors related to survival in patients with
< 3 years of survival compared with those with
> 3 years of survival.

The results of the model analysis predicted
long-term OS and RFS and was validated with
data from patients treated at our hospital.

Liver function is important for determining the
primary treatment option and treatment results
in patients with HCC. The serum albumin and bil-
irubin levels are reliable markers of a decline in
liver function. The preoperative factors included in

our model may aid in prognostication and shared
decision-making for individual patients after re-
section of HCC. These factors include serum AFP
CA19-9, CA-125, HBsAg, HCV, postoperative vas-
cular resection status, tumor stage (TNM), tumor
size, tumor number, lymph node metastasis, and
resection margin status.

The nomogram provides personalized predic-
tions of patient prognosis after liver resection.
However, several major problems remain. In the
present analysis, we established a nomogram
model of clinical characteristics and pathology for
predicting survival outcomes in patients with HCC
after resection on the basis of OS and RFS.
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Figure 13. Forest plots of the multivariate Cox regression model results for the selection of prognostic variables
for overall survival (OS)
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Figure 14. Forest plots of the multivariate Cox regression model results for the selection of prognostic variables
for RFS

The nomogram demonstrated favorable ac- The nomogram was validated as an effective
curacy when the C-index was calculated for OS  tool for predicting long-term results. Nonetheless,
(C-index 0.815, 95% Cl: 0.769-0.862; p < 0.001) the current findings will need to be confirmed by
and RFS (C-index 0.80, 95% Cl: 0.748-0.851; larger prospective studies of different invasive
p < 0.001). Moreover, its predictions for individual — treatments.
patient follow-up and treatment were excellent. A recent study by Endo et al. [23] proposed
Furthermore, the nomogram was able to predict a model to preoperatively predict overall surviv-
OS and RFS in patients with HCC who had under- al among patients undergoing liver resection for
gone various invasive therapies. primary HCC.
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In our present work, age and tumor number
were found to play a role in the OS and RFS no-
mogram. Several studies have revealed that the
age of the patient at the time of surgery and the
presence of multiple tumors are crucial risk factors
for recurrence, which is consistent with the find-
ings of our present work [14, 24]. Another study
by Xiao et al. [25] reported that HCC patients have
a poor prognosis because of metastasis and recur-
rence. There is a good association between tumor
number and 1-year, 3-year, and 5-year OS.

Our study revealed that for OS nomograms, tu-
mor size is one of the anatomical factors associated
with primary tumors. Previous studies have report-
ed that pathological tumor size is a strong predictor
of prognosis risk for patients with HCC [26, 27].

A previous study by Chen et al. [28] noted that
recurrent tumor factors, such as the tumor num-
ber, the size of the recurrent lesion, extrahepatic
recurrence, and the development of recurrence
within 12 months of primary resection, were in-
dependent adverse prognostic factors for survival
after recurrence.

Our survival forest plot analysis revealed that
PVT classification was another important factor
affecting the OS and RFS results. Although various
treatment options have been considered for PVT,
the presence of PVT is associated with poor out-
comes [29, 30]. Another study by Mahringer-Kunz
et al. [31] reported that the extent of PVT and OS
were significantly related.

Moreover, our nomogram results, which are
based on initial diagnosis and treatment, could
be informative and helpful to both patients and
physicians. Incorporating patient and treatment
factors with tumor factors, such as tumor stage
(TNM), PVT classification, albumin level, tumor
size, and tumor number, improved the prediction
of OS and RFS. Further studies are needed to vali-
date the use of this nomogram in clinical practice.

However, there are several limitations in this
study. First, it was a retrospective study con-
ducted at a single center. A prospective study
with a larger number of patients is needed for
further validation of our results. Second, our
prognostic prediction model clearly classified
patients with resectable HCC with respect to
their prognosis. The effect of this prognostic
prediction model according to follow-up out-
comes must be further investigated to establish
its effectiveness for patients with resectable
HCC. In the future, we will compare the OS of
patients with recurrent HCC who are receiving
various specific treatments.

In conclusion, in our study, we identified a co-
hort of patients with favorable oncological out-
comes after resection by using a prognostic pre-
diction model. Our findings may be applied to
accurately predict prolonged life expectancy in pa-
tients with HCC who undergo resection. Predictive
factors are essential for appropriate treatment
selection given the increased number of patients
with HCC who experience long-term survival fol-
lowing resection. Measuring liver function com-
bined with AFP CA125, and CA19-9 levels will be
crucial for making better decisions regarding re-
section strategies in HCC patients.
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